This paper investigates the causal relationship between two macroeconomic variables, the gross domestic product (GDP) cycle and unemployment, in Finland. This has been done using the vector autoregressive (VAR) model for the period Q1 1995 to Q2 2011. The goal of this study is to gather further evidence for the relationship between the GDP cycle and total, male and female unemployment individually, with special reference to Finland which is a member state of the EU, and has been part of European monetary union, since 1995. The relationship has been investigated using the Granger-causality test in accordance with Okun's (1962) formula. The empirical facts mostly indicate the existence of a uni-directional causal relationship from the GDP cycle to unemployment. This pattern is not found to be significant when using the model for unemployment in women however. The coefficients of unemployment, total, male and female, are abstracted from the Okun's coefficient and found to be around -4 per cent total, male and female unemployment individually, -5 per cent and -1 per cent respectively. These results also have important implications for determining macroeconomic and labor-market policy.
Introduction
One application of ad hoc distributed lag models is to provide evidence of the direction of causality in economic relationships. Such a test is of interest when variables are related but we do not know the direction of causality between them. Most economists think that a decline in GDP stimulates unemployment but not the opposite. So is this the case? One approach to the problem is to test for what is called 'Granger causality'. This approach is useful because it allows us to know which variable affects or 'leads' the other one and, as we shall see, leading variables are very useful for forecasting purposes.
Despite the value of Granger causality, we should not let ourselves be lured into thinking that it allows us to prove economic causality in any rigorous way. If one variable precedes another, we cannot be sure that the first variable causes the other to change.
Using Granger causality naturally leads us to consider models with several equations and the topic of VAR models. Before estimating for causality, we need to first define the proper order of the VAR model. The variables included in such a model are either assumed to be stationary or non-stationary. If they are non-stationary and integrated of the same order then we have to test whether they are cointegrated before conducting any test for causality. For this purpose we applied the Johansen (1988) test for cointegration before conducting causality tests. The appendices to this study include all results with respect to the cointegration tests and the estimations of the equations, together with the respective diagnostic tests that show the appropriateness of the selected models.
In this study we consider data from Finland for the period Q1 1995 to Q2 2011, which covers period of major change in Finnish employment-protection law and in unemployment benefit. It was also a time when financial crisis in Finland caused a shortfall in GDP and a rise in unemployment. Our current investigation also tries to emphasize the effects of the GDP cycle on unemployment in a country which has been a part of European monetary union since 1995. The combination of a decline in productivity and working hours implies that movements in unemployment are smaller than movements in GDP. The relationship between changes in economic growth and unemployment is known as 'Okun's law'. Formulated by Okun in 1962, the law stated that a shortfall in GDP of 3 per cent relative to normal growth produces a 1 per cent increase in unemployment; a more accurate description of the current relationship is 2 to 1.
The important questions are as follows:
(1) Does Okun's law help to predict potential unemployment even in European Union countries and countries which are part of the European monetary union?
(2) Do the rates of unemployment (total, male and female) tend to be equal during periods of recession in Finland?
If men and women have similar opportunities, then we suppose that the estimated parameters for male and female unemployment to be similar. In this context, numerous studies in the literature have expressed the formula for Okun's hypothesis in many different ways. Most of these studies have used the variable in difference forms, which results in damage to the long-term information within and between the macroeconomic variables included in the models. In this study, we avoid this situation by including the variables in level after testing for cointegration and finding them to be cointegrated.
The data used in estimating the GDP cycle and unemployment are described in detail in the Organisation for Economic Co-operation and Development (OECD) database (2011). In brief, the data are quarterly and from period Q1 1995 to Q2 2011. We specify VAR models with different lags, i.e. VAR (3) for total and male unemployment and two lag lengths for female unemployment, i.e. VAR(2).
In this study, we use a different approach than that used in previous studies and we analyze more variables by including separate analysis of male and female unemployment. In addition, previous empirical studies have not applied the Granger-causality test to investigate the relationship between these two macro variables in Finland. The majority of previous empirical papers estimated the relationship using total unemployment only. Our work may also contribute to the literature on applied economics and labor economics by using the Granger-test methodology to investigate the relationship between the GDP cycle and unemployment categories.
The rest of the paper is designed in the following way. In section 2 we set out the previous empirical studies. In section 3 we offer the data and outline the model specification and the methodology of study. The tests and estimated results are described in section 4. A final section, 5, includes our conclusions.
Previous Empirical Studies
Okun's law, formulated in 1962, stated that a shortfall in GDP of 3 per cent relative to normal growth produces a 1 per cent increase in unemployment; a more accurate description of the current relationship is 2 to 1 (Note 1).
Turning to the empirical facts of the GDP cycle, one fact reported is that real wages are not strongly correlated with GDP over the cycle, and, in particular, there is no strong indication that an increase in GDP is connected with an increase in real wages. At the same time there is a clear indication that increases in GDP are accompanied by decreases in reported unemployment in USA and Denmark (Sorensen & Whitta, 2010) . This relationship is both important and useful. It shows, for instance, that at a constant rate of unemployment, economic growth in USA is around 3 per cent per year, while for Denmark the corresponding intersection is just above 2 per cent. A one-time increase in GDP of 3 per cent reduces unemployment by around 2 per cent in Denmark and by slightly less in the USA. This empirical study illustrates by graphical correlation technique how unemployment responds to total economic activity, (see also Sorensen & Whitta, 2010) .
The empirical facts also showed that the GDP cycle has substantial consequences for unemployment. These are anticipated to differ between countries in the EU and the USA. For instance, the Okun coefficient will be completely different in Finland than it is in Sweden and the USA. This result is to be expected, because these differences are mostly due to the higher growth in the labor force in the USA, and because most European countries, and especially Scandinavian countries, have different unemployment benefits legislation, which helps to vary periods of unemployment (Note 2).
Numerous empirical studies after Okun have shown that the GDP cycle affects employment. An empirical study of data for East Asia and Mexico, Fallon and Lucas (2002) , used time-series data for the 1990s to estimate the relationship between GDP and employment. The study showed that employment declined by more than GDP and even increased in some periods. Aranki, Friberg and Sjödin (2010) used Swedish data, which appeared to show that the relationship between the recession and unemployment has weakened and varied. The study used rolling regression technique for the different periods.
www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 6, No. 4; 2014 More facts in support of the negative association between unemployment and the GDP cycle in the USA can be found in Prachowny (1993) , which also supports the view that Okun's hypothesis can help to predict upcoming intensity of unemployment. Another study by Lee (2000) , however, showed that the coefficients of the effects of GDP on unemployment differ noticeably across countries, probably because of the inflexible situation of the labor markets, see also Cuaresma (2003) . Padalino and Vivarelli (1997) noticed a significant association between GDP and employment for the majority of the developed countries (i.e., the G7).
In addition, using data for the USA, Canada, Europe and Japan, Moosa (1997) tried to measure the association between total economic growth and employment using a seemingly unrelated regression (SUR) model. The results from this paper indicated that the reaction of employment rate to GDP cycle was larger in the USA and Canada than in other developed countries, (see also Silvapulle, Moosa, & Silvapulle, 2004) . In this context, Knotek (2007) On the other hand, the model proposed by Piacentini and Pini (1998) did not find any actual effect of economic growth on employment. Hence, unemployment can in fact occur even in the midst of economic growth. Moreover, Pianta, Evangelista and Perani (1996) , studying 36 sectors of manufacturing among the G7 group, found that employment does need to positively move together with economic growth, but did not show that economic growth has an important effect on employment.
A more recent study of Swedish data, Salman (2012), used quarterly time-series data for the period Q1 1995 to Q2 2011 to estimate the association between output and unemployment gender using the Granger-causality test technique. The author showed that unemployment (total, male and female) responded differently to the fluctuations of the GDP coefficient than it did to Okun's coefficient. The study also showed that coefficient to be approximately 8 per cent for total, male and female unemployment in Sweden. Salman found the coefficients of all the unemployment percentage categories to be significantly negative.
Since the relationship between the economic growth and the annual rate of unemployment differs between countries, it is thought that the Okun coefficients are instable and change over time. These differences are mainly due to a higher growth of the technological infrastructure and innovation, the replacement rate, reform of labor-market policies and institutions, fiscal resources at government disposal, international competition, labor law and policy (Black, 1987) . Researchers have shown that changes in GDP have substantial consequences for unemployment which are likely to be different in the USA than in other industrialized countries, Lee (2000) . Nevertheless, it seems now that Okun's law might in fact be a fairly useful tool for comparisons and over time and across countries.
Therefore, we can conclude that the previous studies have emphasized that Okun's coefficient depends on the period of the studies and the legal stipulations for employment security in the country studied. Therefore, the coefficient is expected to be smaller where the country offers its workers a higher degree of employment protection compared with that in other countries, Altig, Fitzgerald and Rupert (2002) and Knotek (2007) .
In this paper, our main purpose is to add to existing empirical studies by measuring the association between GDP and unemployment in Finland. Numerous studies on this topic have shown that such an association seems to have been undermined in recent years, both in Finland and in other industrialized countries, including the Scandinavian countries. This study is important for Finland for the following reasons.
(i) Finland provides an interesting context for this study because of its situation as an economy in transition in the time period under study, and because it is now equivalent in place to the most industrial countries in Europe.
(ii) Finland has used new policies on international trade and the labor market and has become more dependent on technological progress, moving towards increased international competition in all economic activity. Thus, one of the innovations of our paper is its consideration of the degree of association between the GDP cycle and annual rate of unemployment during Finland's evolution and development of its new technological infrastructure. In addition, the data used cover three major recession periods in Finland, which contributed to shortfalls in GDP. Additionally, Finland was a member of the European Union and European monetary union during the period of the study.
(iii) The Granger causality of the relation between the GDP cycle and unemployment, and the Johansen (1988) methodology of cointegration, have not been applied in previous papers, despite their broad attractiveness. The contribution of our study to the literature of applied macroeconometrics models and the economics of the labor market is its investigation of the causality between the GDP cycle and unemployment.
Data and Methodology
The data used in this study was extracted from the database of the OECD (2011) during the period Q1 1995 to Q2 2011. The GDP cycle variable is GDP measured in constant price year 2000. When testing for causality here we want to see if the first variable precedes the other or the opposite, or whether both cause each other simultaneously. In this paper, when we test whether the GDP cycle 'Granger causes' unemployment it is to observe how much of the current values of unemployment are explained by previous values of the GDP cycle and vice versa. However, we conduct the test by first estimating the next VAR model and then applying the test:
Where:
Un = percentage change in unemployment, t / t-4, which is not seasonally adjusted; GDP = real GDP at the base-period price 2000; e 1t and e 2t are random errors with means equal to zero and invariable variances.
However, since unemployment and the GDP cycle are found to be non-stationary and have stochastic trends (augmented Dickey-Fuller (ADF) test (Dickey & Fuller, 1979; 1981) ), we checked whether they are cointegrated by applying the Johansen (1988) maximum likelihood before testing for causality. The Dickey-Fuller test results are summarized in Tables A1 to A4 in the Appendix. To specify the order of the lags in the equations above we use Schwarz (1978) information criteria (SIC). According to the SIC, the order of the VAR models, k, has been set as equal to 3, i.e., VAR (3), for total unemployment and male unemployment, while the SIC indicated that the order 2, i.e. VAR (2), was proper for female unemployment. Using a battery of diagnostic tests these models have been shown to be well specified. Tables C1 to C3 in the Appendix. Processing in this manner one can avoid less adequate models, which could lead to enormously misleading results and inferences. Overall though, the estimation results and the results from the diagnostic tests have shown that the estimated coefficients are sufficiently representative.
Results
This section presents results from Granger-causality testing of models (1) and (2) for total unemployment and male unemployment, using the VAR(3) specification. The VAR(2) model is used for the female unemployment. These results are presented in the following Tables 1 to 3 , respectively. The test results for total unemployment and male unemployment are for the period Q1 1995 to Q2 2011. Looking at the p-value for the null hypothesis, at the 5 per cent significant level, it is possible to conclude that the GDP cycle does Granger cause total unemployment and the male unemployment. However, for the same period, the p-value for the null hypothesis, at any conventional significance level, indicates that total unemployment and the male unemployment do not Granger cause GDP cycle. Thus, causality is uni-directional: GDP affects total unemployment and male unemployment but not the reverse. However, this pattern could not be found for female unemployment in Table  3 . Note. These results are taken from Table A1 in the Appendix of this study. Note. These results are taken from Table A2 in the Appendix of this study. Note. These results are taken from Table A3 in the Appendix of this study.
The results presented in this study suggest a temporary lag, rather than a fundamental change in the relationship between GDP cycle and unemployment. The regression results show that Finland has coefficients for total, and male and female unemployment, with respect to the first lag of the GDP, which are approximately -0.4, -0.5 and -0.1 per cent respectively during the period studied, Q1 1995 to Q2 2011. Results for these coefficients are summarized in Table 4 . This table is derived from Tables B1 to B3 and Tables C1 to C3. Our findings demonstrate an obviously significant and negative association between the GDP cycle and the unemployment rate categories (except female unemployment). The results from the cointegration regression indicate that the current economic situation in Finland can be modelled by lagged GDP, although only the lag number one indicates significant and negative relation to unemployment. For female unemployment the results was negative but not significantly related to the GDP cycle.
Conclusion
The statistical results for the VAR Granger-causality tests indicated that only the GDP cycle Granger causes unemployment. However, unemployment does not Granger cause the GDP cycle. Based on data from Finland, the modeling results show growth in GDP and the absolute change in unemployment (total and male) have a negative relationship. The results also indicate that the total unemployment and male unemployment coefficients are significant and negative. However, the results confirm that the unemployment coefficient is diverted from Okun's coefficient and is not strongly correlated with GDP over the cycle, probably due to special circumstances in Finland i.e. the replacement rate as regards female unemployment and labor-market regulation. In particular, the changes in female employment were less receptive to GDP over the cycle, which might be because of the high replacement rate and other social payments that also cover additional revenue expenses for jobless women who have little track record in the labor force. In nearly all europe, the replacement rate at the beginning of a spell of unemployment is usually higher for a couple with two children than for someone who is single. For instance in Finland, where the initial replacement rate is 82 per cent, the unemployed have little incentive to seek regular work. The replacement rates for long-term unemployed are lowest in Italy, Greece and the USA and highest in the Scandinavian countries (except Norway), Slovakia, the Netherlands, Austria and Germany (Note 3).
There is debate about whether the European social model is one of the causes of higher unemployment in continental Europe, when compared with models in the UK or the USA. According to some labor economists, there is no doubt that high levels of unemployment insurance, employment protection and high minimum wages are partly responsible for the high unemployment rates in many European countries. Yet, it has also been argued that labor-market rigidities are not necessarily associated with high unemployment. Although it is true that, on average, countries with higher labor-market rigidities have higher unemployment rates, it is also true that some countries with low unemployment rates do have high minimum wages. The most notable case in Europe is Denmark. The peculiarity of the Danish system is that, since the early 1980s it has combined generous unemployment benefits with an effective system for helping workers find jobs: the result is a low unemployment rate, one of the lowest in Europe.
The results of our study confirm that the GDP cycle over the period has a negative and significant influence on total unemployment and male unemployment rate, approximately -0.4, -0.5, in that order. In this context, the empirical evidence indicates that the recession is a major cause of instability for total unemployment and male unemployment in this study, while it appears that female unemployment is lower than those of the total and male unemployment, perhaps because of Finland's stricter replacement rate for women, which makes it more difficult to fire women from jobs during a shortfall in GDP, and to hire during a recovery. Therefore, labor legislation should lead to a lower-scale elasticity of layoffs of women with respect to changes in GDP. Moreover, employment-protection legislation allows women to stay at home with children and treat the period at home as working time during periods of a shortfall in GDP. Firms may as well foresee the difficulty in recruiting capable and qualified employees when the GDP goes up. In addition, laying off workers takes time during which period the productivity of the firm may fall.
Overall, this study showed lower coefficients for Finnish unemployment compared with those in previous Scandinavian studies, this is due to the differences in Finland's labor-market legislation and the replacement rate regulation in Finland's labor market (Note 4). Furthermore, the statistical modeling of this study indicates that the estimated coefficients of the economic growth with respect to the absolute change in unemployment for both men and women are not similar. According to the results from the model, estimates show that the proportion of employed men decreased somewhat, and the proportion of unemployed men increased, during the period. It suggests that as regards the labor market, Finnish policymakers used different policies for male and female employees or applied them differently or that there was not equality of opportunity during the slowdown period. In any case, the evidence shown here has useful implications and importance for deciding labour-market policy. Note 3. Another aspect of unemployment insurance that is likely to affect wages is the duration of unemployment benefits, i.e. the number of months benefits are provided for the social security administration. At a given unemployment rate, a longer duration of unemployment benefit increases the wage in Europe, the duration of unemployment insurance varies a lot across countries, much more than the level of the benefit provided. In Europe, the duration of unemployment insurance varies a lot between countries, much more than the level of the benefits provided. In most of the countries, unemployment benefits are granted for less than one year, with the noteworthy exceptions of Belgium, where the benefits are unlimited, and of Denmark and the Netherlands where benefits are paid for 30 to 36 months maximum. See OECD indicators (2010), and see also David Romer (2012).
Note 4. The statistics indicators showed that the percentage of the unemployment for women (aged 15-74 years) in Finland was lower than the percentage of unemployment for men (Arbettslöshetsrapporten, 2013 , Akademikeernas a-kassa, Stockholm, Sweden). Figure C1a . Diagnostic tests 
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